Global forebrain ischemia induces a posttranslational modification of multifunctional calcium- and calmodulin-dependent kinase II.
The activity of multifunctional calcium/calmodulin-dependent protein kinase II (CaM kinase II) has recently been shown to be inhibited by transient global ischemia. To investigate the nature of ischemia-induced inhibition of the enzyme, CaM kinase II was purified to greater than 1,000-fold from brains of control and ischemic gerbils. The characteristics of CaM kinase II from control and ischemic preparations were compared by numerous parameters. Kinetic analysis of purified control and ischemic CaM kinase II was performed for autophosphorylation properties, ATP, magnesium, calcium, and calmodulin affinity, immunoreactivity, and substrate recognition. Ischemia induced a reproducible inhibition of CaM kinase II activity, which could not be overcome by increasing the concentration of any of the reaction parameters. Ischemic CaM kinase II was not different from control enzyme in affinity for calmodulin, Ca2+, Mg2+, or exogenously added substrate or rate of autophosphorylation. CaM kinase II isolated from ischemic gerbils displayed decreased immunoreactivity with a monoclonal antibody (immunoglobulin G3) directed toward the beta subunit of the enzyme. In addition, ischemia caused a significant decrease in affinity of CaM kinase II for ATP when measured by extent of autophosphorylation. To characterize further the decrease in ATP affinity of CaM kinase II, the covalent-binding ATP analog 8-azido-adenosine-5'-[alpha-32P]triphosphate was used. Covalent binding of 25 microM azido-ATP was decreased 40.4 +/-12.3% in ischemic CaM kinase II when compared with control enzyme (n = 5; p less than 0.01 by paired Student's t test). Thus, CaM kinase II levels for ischemia and control fractions were equivalent by protein staining, percent recovery, and calmodulin binding but were significantly different by immunoreactivity and ATP binding. The data are consistent with the hypothesis that ischemia induces a posttranslational modification that alters ATP binding in CaM kinase II and that results in an apparent decrease in enzymatic activity.